Abstract-This work focuses on the performance evaluation of a Standalone Solar Photovoltaic (PV) system for electricity generation in an estate requiring a daily power consumption of 50KW. This was achieved through a solar tracker software/hardware -embedded programme control system. A programmable microcontroller (PIC16F877A), light detection sensors (CDS NORP 12), motor driver IC (L293D), power relays (NTE-R22-5) and a dc gear motor with linear actuator (HARL-3618) were used. MikroC Pro compiler from Mikro Electroniker was used to programme the PIC16F877A. A fixed PV panel of same size was placed side by side and tested with the solar tracking system. The test results obtained showed that the solar tracking system produced 14.3W at 8:00am, increases to a maximum of 25.83W at 1:00pm and decreased to 16.28W at 6:00pm while the fixed PV panel produced 5W at 8:00am, increased to a maximum of 25.62W at 1:00pm and decreased to 10.6W at 6:00pm. These results gave the solar tracking system an efficiency increase of 33 percent over the fixed system. The designed system installed in residential homes has capacity to guarantee sustainable, durable and improved power supply.
I. INTRODUCTION
The Photovoltaic (PV) is a device that consists of semiconductor material which is able to directly convert the energy from sunlight into electricity. In general, we have two main categories of photovoltaic systems namely Gridconnected and Standalone systems. Grid-connected systems are those PV systems that are linked or connected to the public or national grid, whereas standalone PV system has no connection or link to the grid system. Standalone PV system is usually used in rural or remote areas of the society. This system usually consists of some components: solar panel, batteries and controller/regulator. When AC supply is needed, an inverter circuit is required to convert the DC power to AC power. The charge controller is equally important, especially to control the charging process to prevent the batteries from excessive charging or discharging. During the day solar panel supply the energy both to the loads and batteries and then during the night all energy needed by the load is fully supplied by the battery bank. Reference [1] presented a sun tracking system incorporating a pyrheliometer for the measurement of direct solar radiation. The system which was controlled by a closed-loop servo system had a four-quadrant photo detector to sense the sun's position and two small DC motors to drive the instrument platform such that the sun's image remained at the center of the four-quadrant always. Reference [2] studied the effects of four different electro-mechanical sun tracking systems on the current, voltage and power characteristics of a flat-plate photovoltaic system. The findings showed that tracking systems which incorporated two axes, one vertical axis, one east-west axis and one north-south axis, and one north-south axis, resulted in the increment of the electrical output powers of the photovoltaic system by 43.87%, 37.53%, 34.43% and 15.69% respectively when compared to what obtained from a PV system with fixed surface inclined at 32 degrees to the north. Reference [3] deployed a programmable logic controller (PLC) to effect the control of a photovoltaic module while tracking the sun's radiation. The work demonstrated that by collecting, storing and using sun's radiation related data to control a photovoltaic module, the daily output of the PV system could be significantly improved by more than 20% when compared to what obtained from a fixed module. Reference [4] designed and simulated three sun tracking systems, namely: (1) one -axis sun tracking with the tilted aperture equal to the latitude angle, (2) equatorial two-axis sun tracking, and (3) azimuth/elevation sun tracking. For each tracking system, the modeling and controller design tasks were accomplished using the first-order Sugeno fuzzy inference system.
Reference [5] presented a micro controller-based sun positioning system for hybrid lighting applications in which the celestial bearing of the sun with respect to the earth was computed directly from knowledge of the time, date, latitude, longitude and time zone information. Reference [6] developed an electro-mechanical, two axis tracking system in which the motion of the sun tracking surface was controlled by an open-loop control algorithm implemented using a PLC unit. The proposed system incorporated two separate tracking motors, namely one motor to rotate the sun tracking surface about the horizontal north-south axis, i.e. to adjust the slope of the surface and the other to rotate the sun tracking surface about the vertical axis, i.e. to adjust the azimuth angle of the surface. The experimental results indicated that the two -axis tracking system increased the total daily energy collection by approximately 41.34% compared with that obtained from a fixed surface tilted at 32 degrees towards the south. Reference [7] presented a simple step-by-step procedure for implementing a solar position algorithm. In the work, the solar zenith, azimuth and incidence angles were derived using ecliptic longitude and latitude for mean Equinox of date, apparent right ascension and apparent declination, together with notations in longitude, obliquity, obliquity of ecliptic and true geometric distance. The findings demonstrated that solar zenith and azimuth angles could be calculated with uncertainties of ± 0.0003 degrees.
References [8] and [9] introduced general sun tracking formulas for open-loop type of sun tracking system useful for solving problems involving arbitrarily oriented sun tracking axes for both off-axis and on-axis solar collectors. Reference [10] presented a Micro Computer-based solar tracking and control system (TACS) capable of maintaining the peak power position of a photovoltaic (PV) array by adjusting the load on the array for maximum efficiency and changed the position of the array relative to the sun.
There are many standalone PV systems that have been installed in Nigeria, but all are fixed either on the roof of a building, at the top of an iron pole or other unmovable positions. These installations are of the fixed standalone PV system. They do not produce required maximum energy conversion as a result of the movement of the sun in the sky. This major problem of low energy conversion efficiency is what this project is set to solve using automatic sun tracking system. At present, PV energy conversion efficiency stands at between 9 to 18% depending on the solar cells used, especially in low irradiation conditions. It has also been established that the amount of electric power generated by PV arrays varies continuously with weather conditions. Even under clear weather conditions (steady amount of solar radiation) the position of the sun changes in the day, which leads to changes in the effective surface of the fixed solar panels towards the sun and a decreased output power.
For any PV system, one option to increase the energy produced by solar panels is solar tracking. The major problem is to develop a solar tracking system with the ability to direct solar panels continuously in optimal position to the sun, thus improving the overall efficiency of a PV system. This problem will be addressed in this project by using a programmable intelligent computer (PIC) which will receive analogue signals from positioned LDR sensors, analyze it and thus actuate the electric gear motor to move the solar panels into a position where maximum sunlight will be received. The present work will design a standalone Solar PV system capable of generating an output power of 50KW to an estate. A tilted single axis solar tracker system will be constructed and incorporated to improve the power generation efficiency of the PV panels. A scale model of the system will be developed using a PV panel of size SSP20W. The solar tracking system will incorporate sensors, electric gear motor with linear actuator, relay drive circuit, PIC16F877A microcontroller, hardware and software designs.
II. METHODOLOGY
This section describes the design and evaluation the Standalone Solar Photovoltaic (PV) system.
A. Site Data
In this study, Nkpor Village near Port Harcourt, Nigeria (See Table I ) was selected as the site for installation of the Solar Tracking PV System and the weather data used was supplied by Simba Solar, Abuja as was obtained from the NASA Langley Research Centre and GAISMA Research Centre, Finland (See Table II ). 
B. Scale Modeling
Scale modeling is the representation or copy of an object larger or smaller than the actual size of the object that maintains the relative proportion (scale factor) of the physical size of the original object. Scale model is usually smaller than the actual object but is used as a guide to making the full size. Researchers build scale models to test the likely performance of a particular design at the starting stage of their project in order not to incur the total expenses of the full prototype size. PV system is a modular project which can be built by either connecting the chosen PV panels in series to increase the output voltage or in parallel to increase the output current respectively. Due to the high cost of PV Panels and its accessories for a PV system, this work adopted and built a scale model prototype that is 2500 times smaller than the designed full-size PV system (2500:1 ratio).
Let the actual daily power consumption = 50KW.
Let the research prototype model = 20W Therefore, the scaling factor X = 1/2500 = 0.0004 (This scale factor was used to determine the sizes of all the components of the model).
C. Electrical Load Estimation
The equipment that consume the generated power by the solar PV system are referred to as the load. The load in this project is household equipment such as televisions, Fans, Refrigerators, Lights, water Pumps, computers, phones etc. To accurately size the PV system, a load profile was constructed which was used to calculate the total energy demand per day. See Appendix 1 in the Appendices section of this work for details.
D. Sizing the Standalone PV System
The PV system was sized to decide the number and type of solar panels required, the capacity of the battery that will store the required energy and to also determine the required characteristics of other elements to be integrated in the system such as charge controller, power inverter and other Balance-of-System (BOS) components. To determine or ascertain a good measure of the reliability of the system, the number of days of autonomy was decided as 3. The design method considered the energy requirements of the estate, as to size the elements of the standalone photovoltaic system that will provide a balance between cost and reliability. There are several ways of calculation to ensure reliability at a minimum cost, but they require a lot of statistical data of solar radiation that are scarce in many regions. It is on this note that a simple method known as the "Watt-Hour (WH) method" is proposed for this project. The method calculated the dimensions of the standalone system so that it can work effectively in the month of high demand of energy than the solar energy available. The reliability of the system was considered by fixing the maximum number of days it can work without receiving solar radiation, when energy consumption solely depends on the battery bank. The climate of the village and the type of installation determined the choice of the maximum number of days of autonomy (N). It was also noted that a higher number of N would require more components or investment; hence the number was chosen as 3. See details in Appendix 4 to this work.
E. Solar Tracking System
A solar tracking system is a support platform that orients or directs solar photovoltaic panels towards the sun's movement from dusk to dawn, hence maximizing solar energy power generation efficiency. There are two classes of trackers namely passive and active which may be constructed to track either in single or dual axis. The single axis trackers usually have a single axis tilt movement, while the dual axis trackers move in regular intervals adjusting for an angular position. Comparatively, the single axis trackers improve solar power production by about 20 to 30 percent with respect to a fixed tilted PV while dual axis trackers improve solar power production from 30 to 40 percent.
The solar tracker for this project is of the active class, single axis tracking mode. It consists of Tilted tripods, Panel mounts, Electric gear motor with linear actuator, Light intensity sensors, Drive and Controller circuits.
F. Solar Panel Orientation and Tilt
Azimuth is the angle of the sun along the horizontal plane with 0 degrees corresponding to the North, 90 degrees east, 180 degrees south and 270 degrees west. It can also be said as the angle in the horizontal plane between South and the horizontal projection of the Sun's rays East (positive +ve
the highest position of the sun as it moves in a curve-like manner across the sky. The solar noon is different from 12:00 o'clock noon or midday time. The solar noon occurs between 12:00 o'clock and 14:00 o'clock depending upon the location. Solar panel orientation refers to the azimuth setting. It has been proved that solar panel or solar array captures more energy when facing the sun directly. When the best azimuth angle is determined, the next key parameter to producing improved electricity from the sun is to determine the best elevation angle of the PV panel.
The solar azimuth, ψ, which is also called the bearing angle, is the angle in the horizontal plane between the observer's meridian plane and the meridian plane containing the sun. In general, the equation for solar azimuth angle, ψ, is given below: 
H. The DC Motor Control and Drive Circuit
The drive unit consists of a 370W, 48V DC motor driving a 100KN screw jack linear actuator. The actuator rotates the PV through pushrod and multiple lever arms attached to a row of PV modules. To control the direction and speed of the DC motor used for the tracking system, a drive circuit was interfaced between the microcontroller and the dc motor. The drive circuit used is L293D motor driver IC. L293D is a typical motor driver IC which allows a DC motor to drive on either direction. The L293D is a 16 pin IC and is capable of controlling a set of two DC motors simultaneously in either direction. L239D operates on the principle of H-bridge, allowing the required voltage to flow in either direction. In a single L293D chip, there are two hbridge circuits that can rotate two dc motor independently.
I. Light dependent resistor
Light dependent resistor or LDR was chosen as the sensor because of its sensitiveness to light. The resistance of LDR decreases with increasing incident light intensity. LDR is used in this project to detect the direction of the sunlight.
J. Inverter
A power inverter device converts DC sources to AC sources. There are three different types of waveform output, namely Square wave, Modified sine wave and Pure or true sine wave. The Pure Sine wave inverter though more expensive than the other types of Inverters, was used in this work because it has the unique advantage that it produces waveforms which are the same as the power delivered by the utility grid.
K. Batteries
The batteries used in this PV system was for the purpose of storing the solar energy captured by the PV panels during the day, and to release the energy to the electrical load at night when there is no solar radiation. Batteries are needed because of the unreliable nature of the output being delivered by the PV panels.
L. The Simulation System
The Solar Tracker Control System was implemented through simulation. The simulation process was carried out using the Proteus Professional Software version 8.1. Appropriate components were selected from the Proteus Library and used. The outputs of the sensor circuits were connected to pins 2, 3 and 4 of the Microcontroller. Pins 33 and 34 of the microcontroller were connected to the input ports 2 and 7 of the motor driver. Pins 3 and 6 are the output ports of the motor driver that controls the directions of the motor movement. Digital AVO meter and current probe were used in measuring the open circuit voltage and the short circuit current of the PV panels respectively. The results of the fixed and the tracking system are as recorded below. The simulation diagram of the solar tracking control system is shown in Fig. 2 
III. RESULTS AND DISCUSSIONS
The experimental results obtained have shown that the solar tracking system produced 33 percent daily output power than the fixed PV system. This is a demonstration of the performance ability of solar tracking system. This is a confirmation or proof that the designed single axis solar tracking standalone PV system will generate the required output power of 50KW for the rural estate. To analyze and evaluate the results obtained (See Table III This result shows that the prototype single axis tracking system increased energy production by 33% compared to the fixed PV system. Photovoltaic panels have been in use in our country, Nigeria but with much failure because the contractors who install them have little or no experience over PV systems. The common practice is to install a fixed PV system either on the roof top, on electric poles, mounted pillars etc. The mounted PV panels are positioned horizontal, vertical or tilted. These fixed positions produce very low electric power from the sun as the sun moves from the east to the west of the globe every day.
The output power efficiency of the solar panels was improved by the tracking facilities designed to track the sun from sunrise to sunset at a position of maximum power output. The position of maximum power output was achieved anytime the solar panel is perpendicular to the sun. Fig. 3 is the graphical presentation of the output power for both the fixed PV panel and the tracking PV panel against time. It illustrates improvement in efficiency achieved using solar tracking system. In Fig. 3 , the solar intensity increased with day time to a maximum at 1.00pm when it starts decreasing. There was fluctuation of intensity due to flow of some cloudy sky and abnormal atmospheric condition. It was also noticed that both the fixed and tracking output values are the same at 1.00pm; this is because the sun at this time is perpendicular to both the fixed and the tracking panels. 
The aim of this work was to design, construct and evaluate the performance of a standalone solar tracking PV system for a residential estate requiring a load power of 50KW. To achieve this goal, the sizing of the PV system was first carried out with the parameters of the PV panels and batteries determined. The second step was to design the mechanical components of the solar tracker. The third step was to determine the cost of the PV panels and batteries, which was very exorbitant, hence it was agreed that a prototype of the system be constructed and used to reduce cost. A scale modeling was carried out with the full size components being multiplied by a scaling factor of 0.0004. The resultant PV panel size used for the prototype construction is 20Watts.
An automatic single axis solar tracker was designed, built and tested. The automatic solar tracker system is microcontroller based. The PIC16F877A microcontroller was chosen, a high level programming language Mikro Pro was utilized. The microcontroller receives analog signals from the sensors via a comparator circuit, processes it and sends the signals in digital form to drive and control the DC gear motor via a drive circuit. The utilized control system made the sun tracking by the PV panel easy and automatic without manual adjustments.
An experimental test was carried out under the same meteorological conditions and time for a fixed solar panel and solar tracking system both of the same capacity of 20Watts. Test results obtained showed that the output power of the solar tracking system increased with daytime-hours from 14.3W at 8.00am to a maximum of 25.83W at 1.00pm but decreased to 16.28W at 6.00pm while the fixed PV system gave a value of 5W at 8.00am, increased to 25.62W at 1.00pm then decreased to 10.6W at 6.00pm. The results indicated that at 1.00pm the sun was perpendicular to both the solar tracking system and the fixed PV system.
The major outcome of this investigation is that solar tracking produced higher power outputs of about 33% efficiency than fixed PV panels. The significance of the outcome is that, to produce a required electrical output power from a PV system, less PV panels will be required using solar tracking than fixed PV system. The performance of the solar tracking system proved that the required load power of 50KW for the estate can be achieved with lesser PV panels than theoretically designed with cost reduction. 
APPENDIX I ELECTRICAL LOAD ESTIMATE (A)

